Demonstration of a shear-based solid-state phase transformation in a small molecular organic system: chlorpropamide.
Elucidation of the mechanisms for mechanically activated phase transformations of API are necessary for progress in materials and process understanding. The mechanically induced solid-state transformation between the A and C enantiotropes of the anti-diabetic drug chlorpropamide (C(10)H(13)ClN(2)O(3)S) was investigated. The structure of the high temperature stable phase (form C) was solved using powder X-ray data. Transmission powder X-ray diffraction (PXRD) and Raman spectroscopy were used for in situ quantification and analysis of the phase interconversion that occurs as a function of applied pressure during compaction. Each polymorph was observed to undergo a solid-state transition, which increased with pressure to a maximum extent that corresponded with the consolidation limit of the respective bulk powder. Neither form was observed to convert under hydrostatic pressure, suggesting a shear dependence for interconversion at compaction pressures. Examination of the two crystallographic structures indicated that both forms have a common slip system and preserved molecular positions. It is suggested that the transformation of either form is allowed when resolved shear stresses initiate deformation, causing lattice distortion, which allows the simultaneous reconformation of molecules.